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(54) FULL VULCANIZED POWDERED RUBBER WITH CONTROLLABLE PARTICLE DIAMETER, 
PREPARING METHOD AND USES THEREOF 



(57) The present invention provides a full vulcanized 
powdered rubber which has a controllable particle diam- 
eter of 20'-2000nm, and also provides the preparing 
method thereof and its uses. Said powdered rubber is 
prepared by irradiating a rubber latex having a particle 
diameter of 20--2000nm using a high energy irradiation 
source. The powdered rubber described is apt to dis- 
perse in the plastic substrate, thus can be combined with 
varied plastics, fomiing varied toughened plastics and 
thermoplastics. 
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dispersing Xh^ Z^^Tl^^::^ """'^^ composition in water at 0 to 2^4 in ZT "^"""""^ « *^P«^«'°n 
compositron .ntoXS andTafj" ^'^^ ^ "^""''^ SO -c or above to ^^J'^Z^'I. °' ^ (2) 

£0004, us PateTNo :;7:?/2 ^"^'^"^ "^'^^^ 

i:soru-^:r^ 

canizing the paLerZ J*. S .""""^ composition into l,ot ai af Bo?J^n?,f ^ """'^ 
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[0015] In the present fully vulcanized powdery rubber, each particle is homogeneous, that is to say, the individual' 
particle is unifonn with respect to the composition, and a heterogeneous phenomenon, such as lamellar phase and 
phase-separation, etc., within the particles is not detectable with microscopy available nowadays. 
[0016] There is no restriction on the kinds of the rubber for the present fully vulcanized powdery rubber, it can be 
5 any kind of rubber except silicone rubber vulcanized by chemical cross-linking method. The Illustrative example thereof 
is natural rubber, styrene-butadiene rubber, carboxylated styrene-butadlene rubber, nitrile rubber, carboxylated nitrile 
rubber, chloroprene rubber, polybutadiene, acrylic rubber, butadiene-styrene-vinylpyridine rubber, isoprene rubber, 
butyl rubber, ethylene-propylene rubber, polysulflde rubber, acrylate-butadiene rubber, urethane rubber, or fluorine 
rubber. 

10 [0017] The present fully vulcanized powdery rubber can be obtained by vulcanizing the corresponding rubber latex 
with in-adiation. For example, the present fully vulcanized powdery rubber can be prepared by irradiating a rubber latex 
with a particle size in the range of from 20 to 2000 nm, which is market available or prepared by the inventors, in the 
presence or absence of a cross-linking agent, with a high-energy in^adiation, to vulcanize it fully. The high-energy 
irradiation can be selected from cobalt-source, X-rays, UV rays, and high-energy electron beams, preferably cobalt- 

15 source. The in-adlation dose can be 0.1 to 30 megarads, preferably 0.5 to 20 megarads. The fully vulcanized powdery 
rubber having a particle size which Is substantially the same, as the size of the rubber particles in the latex is obtained 
by drying the Irradiated latex. The drying can be carried out In a spray dryer or by precipitation drying method. If the 
drying Is candled out In a spray dryer, the Inlet temperature can be controlled at 1 00 to 200 °C, and the outlet temperature 
at 20 to 80 '^C. 

^0 [0018] In the present invention, there is no restriction on the rubber latex as starting material, and it can be selected 
from natural rubber latex, styrene-butadiene rubber latex, carboxylated styrene-butadiene rubber latex, nitrile rubber 
latex, carboxylated nitrile rubber latex, chloroprene rubber latex, polybutadiene rubber latex, acrylic rubber latex, buta- 
diene-styrene-vlnylpyridine rubber latex, isoprene rubber latex, butyl rubber latex, ethylene-propylene rubber latex, 
polysulfide rubber latex, acrylate-butadiene rubber latex, urethane rubber latex, and fluorine rubber latex. The particle 

25 size of the rubber latex can be varied dependent on different use. There is no restriction on the solid content of the 
rubber latex, and the solid content is generally 20 to 70% by weight, preferably 30 to 60% by weight, more preferably 
40 to 50% by weight. 

[001 9] A cross-linking agent is optionally used in the preparation of the present fully vufoanized powdery mbber. The 
suitable cross-linking agent can be mono-, di-, tri-, tetra- or multi-functional cross-linking agent, and any combination 

30 thereof. Examples of the monofunctional cross-linking agent include, but not limited to, octyl (meth)acrylate, iso-octyl 
(meth)acrylate, glycidyl (meth)acrylate; examples of the difunctional cross-linking agent Include, but not limited to, 
1 .4-butandiol di(meth)acrylate, 1 ,6-hexandiol di(meth)acrylate, diglycol di(meth)acry!ate. triglycol di(meth)acrylate, ne- 
opentylglycol dl(meth)acrylate, divinyl benzene; examples of the trifunctional cross-linking agent include, but not limited 
to, trimethylol propane tri (meth)acry late, pentaerythritol tri(meth)acrylate; examples of the tetraf unctional cross-linking 

35 agent include, but not limited to, pentaerythritol tetra(meth)acryiate. ethoxylated pentaerythritol tetra(meth)acrylate; 
examples of the multifunctional cross-linking agent include, but not limited to, di-pentaerythritol penta(meth)acrylate. 
In the context of the present applteation, the term "(methjacrylate" means acrylate or methacrylate. 
[0020] The above-mentioned cross-linking agent can be used alone or In any combination, as long as it facilitates 
the vulcanization under irradiation. 
! 40 [0021] The amount of the cross-linking agent varies depending upon the kinds and formulation of the rubber latex, 
and generally is 0.1 to 10% by weight, preferably 0.5 to 9% by weight, more preferably 0.7 to 7% by weight, based on 
the neat weight of the rubber. 

[0022] The high-energy Irradiation used in the present Invention is the conventional cobalt-source, X-rays, UV rays, 
or high-energy electron beams, preferably cobalt-source. The irradiation dose depends on the kinds and fomiulatlon 
of the rubber latex, and can be In the range of from 0.1 to 30 megarads, preferably from 0.5 to 20 megarads. In general, 
the in'adlation dose shall be such that the fully vulcanized rubber obtained by in'adlatlng the rubber latex has a gel 
content of at least 60% by weight, preferably at least 75%, more preferably at least 90% by weight. 
[0023] The present fully vulcanized powdery rubber is very easy to be dispersed Into plastics, and thus can be mixed 
with various plastics to prepare various toughened plastics and fully vulcanized thermoplastic elastomers. The prep- 
aration comprises mixing, under the conventional conditions, together a specific ratio of the present fully vulcanized 
powdery rubber and a plastics in a conventional mixing device, if required, appropriate amount of processing aid and 
compatibilizer can be added. 

[0024] In preparing the toughened plastics, the weight ratio of the present fully vulcanized powdery rubber and the 
plastte is 0.5:99.5 to 50:50, preferably 1 :99 to 30:70. The plastics to be toughed can be Nylon, polypropylene, polyeth- 
ylene, polyvinyl chloride, polyurethane, epoxy resin, polyester. polycariDonate, polyoxymethylene, polystyrene, 
polyphenylene oxide (PPO). polyphenylene sulfide (PPS), polyimide, polysulfone. and copolymer and blends thereof. 
[0025] In preparing the fully vulcanized themioplastic elastomers, the weight ratio of the present fully vulcanized 
powdery rubber and the plastb is 30:70 to 76:25, preferably 50:50 to 70:30. The suitable plastics is Nylon, polypropyl- 
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Example 1 
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after, the^iert^x 1^^^^^^^^ -"^^^'"^^^^^^^^^^^^^^^ « <> 'No- 
dose rate being 60 Gy/min Tt^?fl!^2 a cobalt-eo. with the Irradiation dose belna 2 " complete. There- 
"C, andtheoutLte^^p^lI SI^^^^ ^'th a spray dryerwrth Selir^^*"^* '"^^ '^«*ation 
by a cyclone sepaZr ^d ! fe/ff^'° ®° '''«^'*«^'^«*o^'ate7Stri^^nr^^^^^ "^'"9 ^^0 to 160 
rubberisob.a,ne''d.TheVa"^e^ 



by a cyclone sepa^rrd ar/fr'^ ^° ^''^^'^^^'^^^o^cy^^t^dbutadien^:^^^ "^'"9 ^^0 

rubber is obtained The nt?lf ''f®-"°«""9 Powder sample 1 of ttie fulW I^S!!® ^ ® rubber powder Is recovered 

and the sweinn Jexir^r ''^'^ °^ P-''^^ 

^ 1 ou nm, the gel content Is 92.6%, 
Example 2 

rO032] The procedure In Examni^ -i ■ 

Example 3 *® «well Index is 5,4. 
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A free-flowing powder sample 3 of the fully vulcanized carboxylated butadlene-styrene rubber is obtained. The particle 
size of the powdery rubber is n^ieasured to be about 150 nm, the gel content is 93.0%, and the swell Index is 7.3. 

Example 4 

5 

[0034] The procedure In Example 1 is repeated except that the cross-linking agent is changed to trimethylol propane 
triacrylate. A free-flowing powder sample 4 of the fully vulcanized carboxylated butadlene-styrene rubber is obtained. 
The particle size of the powdery rubber is measured to be about 150 nm (see Fig. 1). the get content is 93.3%, and 
the swell index is 5.8. 

10 

Example 5 

[0035] 5 kg of market available butadlene-styrene rubber latex with a solid content of 45% by weight (available from 
Lanzhou Petrochemical Company, Designation: Dingben- 50) is placed in a container, 67.5 g of iso-octyl acrylate is 
15 added dropwise while stirring. The stimng is continued for 1 hour after the addition is complete. Thereafter, the rubber 
latex is irradiated with acobalt-60, with the Irradiation dose being 2.5 megarads and the in-adiation dose rate being 50 
Gy/mln. The Irradiated latex is dried with a spray dryer, with the Inlet temperature being 140 to 160 **C, and the outlet 
temperature being 40 to 60 **C, the dried butadlene-styrene rubber powder fs recovered by a cyclone separator, and 
a free-flowing powder sample 1 of the fully vuteanized butadiene-styrene rubber is obtained. The particle size of the 
^ ^ powdery rubber Is measured to be about 100 nm, the gel content is 90.0%, and the swell index is 12.9. 

Example 6 

[0036] The procedure in Example 5 is repeated except that the cross-linking agent is changed to trimethylol propane 
25 triacrylate. A free-flowing powder sannple 2 of the fully vulcanized butadiene-styrene rubber is obtained. The particle 
size of the powdery rubber is measured to be about 100 nm, the gel content is 90.4%, and the swell index is 11 .6. 

Example 7 

30 [0037] 5 kg of market available carboxylated nitrile rubber latex with a solid content of 45% by weight (available from 
Lanzhou Petrochemical Company Designation: Dingben- 50) is placed in a container, 67.5 g of iso-octyl acrylate is 
added dropwise while stirring. The stimng is continued for 1 hour after the addition is complete. Thereafter, the rubber 
latex is irradiated with acobalt-60. with the Irradiation dose being 2.5 megarads and the In-adiation dose rate being 50 
Gy/min. The in-adiated latex is dried with a spray dryer, with the inlet temperature being 1 40 to 1 60 and the outlet 

35 temperature being 40 to 60 ^'C, the dried carboxylated nitrile rubber powder is recovered by a cyclone separator, and 
a free-flowing powder sample 1 of the fully vulcanized cartDoxylated nitrile rubber is obtained. The particle size of the 
powdery rubber is measured to be about 50 nm. the gel content is 96.1%, and the swell index is 7.5. 

Example 8 

( f 40 

[0038] The procedure in Example 7 is repeated except that the cross-linking agent is changed to trimethylol propane 
triacrylate. A free-flowing powder sample 2 of the fully vulcanized carboxylated nitrile rubber is obtained. The particle 
size of the powdery rubber is measured to be about 50 nm, the gel content is 97.1%, and the swell index Is 6.7. 

45 Example 9 

[0039] 5 kg of market available butyl acrylate rubber latex with a solid content of 48% by weight (available from 
Beijing Dongfang Chemicals, Designation: BC-01) is placed in a container, 72 g of Iso-octyl acrylate Is added dropwise 
while stirring. The stirring is continued for 1 hour after the addition is complete. Thereafter, the rubber latex is irradiated 
50 with a cobalt-60, with the in-adiation dose being 2.5 megarads and the irradiation dose rate being 50 Gy/min. The 
irradiated latex is dried with a spray dryer, with the inlet temperature being 140 to 160 **C, and the outlet temperature 
being 40 to 50 ^'C, the dried butyl acrylate rubber powder is recovered by a cyclone separator, and a free-flowing 
powder sample 1 of the fully vulcanized butyl acrylate rubber Is obtained. The particle size of the powdery rubber Is 
measured to be about 100 nm, the gel content Is 85.7%; and the swell index Is 12.2. 

55 

Example 10 

[0040] The procedure In Example 9 is repeated except that the cross-linking agent is changed to trimethylol propane 
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Example 13 pecimen are summanzed in Table 1 below. 
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.ana 235 C, respectively. After being dried 
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in an oven, the obtained pellets are injection molded into standard sheet specimen. The properties of the ultra-tough- 
ened Nylon-6 measured according to the ASTM test methods are summarized in Table 2 below. The particle distribution 
graph obtained by the atomic force micrography is shown if Figure 2 (the particle size of the rubber particles in the 
dispersion phase is 150 nm). 

Comparative Example 1 

[0045] The Nylon-6 used in Example 14 is injection -molded directed into the standard specimen, and the property 
test results are summarized in Table 2 below. 

Example 1 5 

[0046] To polyoxymethylene (Designation: 4520, manufactured by Asahi Kasei Kogyo K.K., Japan) is added 28% of 
the Powder sample 1 of the fully vulcanized carboxylated butadiene-sty rene rubber (obtained in Example 1 ), 1 .2% of 
calcium stearate, 0.6% of finely divided steatite powder, 0.3% of polyethylene wax and 0.4% of antioxidant I RGANOX^"^ 
1010 (available from Ciba-Geigy), the resultant mixture is mixed at high speed (1500 rpm) for 3 minutes, and then Is 
blended and palletized In a ZSK-25 twin screw extruder (WP Company, Germany), the temperature of the Individual 
section of the extruder Is set at 175, 180, 185, 185, 180, and 175 -C, respectively. After being dried In an oven, the 
obtained pellets are injection molded into standard sheet specimen. The properties of the toughened polyoxymethylene 
measured according to the ASTM test methods are summarized in Table 2 below. 

Comparative Example 2 

[0047] The polyoxymethylene used in Example 1 5 is injection-molded directed Into the standard specimen, and the 
property test results are summarized in Table 2 below. 
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Test Method 


Comp. Ex. 1 


Ex. 14 


Comp. Ex. 2 


Ex. 15 


Tensile strength (MPa) 


ASTM 


D638 


72 


51.5 


62.2 


47.2 


Elongation at break (%) 


ASTM 


D638 


60 


175 


30 


216 


Flexural strength (MPa) 


ASTM 


D790 


80.5 


56.6 


82.5 


56.7 


Flexural modulus (GPa) 


ASTM 


D790 


2.2 


1.72 


2.34 


1.65 


Izod impact strength (J/m) 


ASTM 


D256 


46 


665 


42 


562 


HDT C'C) 


1.82MPa 


ASTM 


D648 


68.5 


61.8 






0.46MPa 








161.5 


142.8 



Claims 

1 . A fully vulcanized powdeiy rubber excluded from vulcanized powdery silicone rubber obtained by chemical cross- 
linking. 

2. The fully vulcanized powdery rubber according to claim 1 . characterized In that the powdery rubber has a particle 
size of from 20 to 2000 nm. preferably from 30 to 1500 nm, more preferably from 50 to 500 nm. 

3. The fully vulcanized powdery rubber according to claim 1 , characterized In that the powdery rubber has a gel 

content of at least 75% by weight, more preferably at least 90%. 

4. The fully vulcanized powdery rubber according to claim 1 , characterized in that the particles in the powdery rubber 
Is homogeneous. 

5. The fully vulcanized powdery rubber according to any one of claims 1-4, characterized in that the rubber is 
selected from the group consisting of natural rubber, styrene-butadlene rubber, carboxylated styrene-butadlene 
rubber, nitrite rubber, carboxylated nitrite rubber, chloroprene rubber, polybutadiene, acrylic rubber, butadiene- 
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